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The invention relates to fuel feeding, the in-
vention having been developed in connection with
the feeding of fuel to an underfeed stoker." Such
stokers are provided with.a retort into which
the fuel is forced by means of a ram. This re- -
tort is in accordance with the established prac-
tice associated with inclined gratés which slope
downwardly from twyer blocks at the top of the

retort which is open. The fuel as it is forced into. . '
the retort by the ram.rises upwardly and flows

over the twyer blocks, being heated in the retort -
and burned as. it passes down the incline.
The device of the invention has been most

- generally applied to small plants though it is

capable of use on the larger plants and the ‘de-
vice of the invention, though it is particularly
adapted for use with underfeed stokers, may be
applied to other types of stokers and to fuel feed-
ing in genersal.

- In the operation of underfeed stokers, one of
the important difficulties encountered is incident’
to the cramping and jamming of coal or other

‘fuel in front of the ram, either in the retort-

where a certain amount of -coking takes place in:
addition to the wedging and jamming of the fuel
as it is advanced or in the ram passage where
the feeding of the fuel by pressure from the rear
also results in wedging and jamming of the
particles or lumps of fuel.

While. it is possible to provide continuously,
sufficient ~power to overcome any resistance
which may be offered, the consumption of power
under these circumstances is excessive and’ the
expense too great; particularly in the operation
of small plants, Under any circumstances there
is an impoprtant loss of economy in feedmg coked
fuel in this way.

When a source of power is employed which is
commensurate with the ordinary consumption of
power by the motor, the presentation of an ex-
cesslve: resistance to the operation of the ram
due to cramping or coking of the fuel not infre-
quently stops the operation of the motor entirely
so that in the absence of close supervision the
fuel feed being discontinued, the fire burns low
or goes out, the steam pressure is lost and the
operation of the plant ceases.

In the plant to which the invention is apphed
the ram is operated by means of a fluid pressure
motor, generally known as a hydraulic motor, the
operating pressure being obtained by means of a S

relatively small pump which to the best advan-

tage is electrically driven, though it may be
driven from other sources of power. The system

~ﬂlustrated provides for continuous circulation,

i. e., the hydraulic fluid is fed to the motor under
pressure by the pump and discharged from the
motor into s chamber from which it passes to

the intake or suction side of the pump. ‘This &

‘arrangement is not, however, essential to the use

of the invention in all the forms contemplated.
The object of the invention is to provide for

the normal operation of the motor at a relatively

low pressure which places a comparatively small

burden upon the pump and the source of power

as an electric motor from which the pump is
driven, the pressure of the fluid being automati-

cally built up by the pump when an obstruction .
is encountered by the ram, the working pressure -

of the fluid supplied to the hydraulic motor be-
ing automatically increased, the power and piston
thrust generated by the. hydraulic motor and ap-

. plied to the same are correspondingly increased

until the obstruction or resistance is overcome
when' the pressure is immediately dropped to
normal and operation of the motor and pump at
normal pressure continues until other excess re-
sistances whereby the hydraulic motor is over-

loaded are encountered, when the building up of

pressure is repeated. :

In accordance with the preferred form of the
invention illustrated, this object is attained by
bypassing a portion of the hydraulic fluid
pumped which is returned to the intake of the
pump without entering the hydraulic - motor.
This prevents the building up of pressure in the

_motor beyond a predetermined point and hence

prevents a consumption of power beyond the pre-
determined normal until an excess resistance or
overload is encountered when the bypass is auto-

matically closed, the pump builds up in:the sup--

ply of .hydraulic fluid to the motor a pressure

- which increases the power of the motor and the

piston thrust applied to the fiuid untll it over-
comes the resistance. This operation is Hmited

 bya predetermined maximur pressure generated

by the pump which in accordance with the prac-

tice of the inventlon is several times the normal

vressure. In this way any resistance which is
encountered is easily overcome following which
" the pressure &f the supply of flulg to.the motor
and the generation of power by the hydraulic
motor and the consumption of power by the
pump are returned to normal. -

In this way the plant has a normsi operation”
with 8 low conswnption of power adapted to fuel
feeding under normal conditions and enly in rela-
tively rare instances is it negessary to bulld up
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the pressure of the hydraulic motor using an in-
creased consumption of power for a few seconds
only until an excessive resistance is overcome.
In this way a very considerable economy is ef-
fected and, more important than this, an ab-
solutely dependable operation of the fuel feed
is attained.

In the accompanying drawings we have illus-
trated so much of a stoker motor of the hydraulic
type, a ram driven thereby, a ram passage, a fuel
hopper, a pump and an electric motor for driving
the puap to which the device of the invention
is applied, as is necessary to a full comprehen-
sion of the manner of constructing, operating,
applying and using the invention.

In the drawings:-

Figure 1 is a side elevation of a hydraulic
motor and a ram operated thereby fogether with
a pump for supplying hydraulic fiuid under pres-
sure to the motor and an electric motor for
driving the pump.

Pigure 2 is a section on the axis of the relief
valve of the invention, also showing its connec-
tion to the pump pressure passage.

Pigure 3 is a section on the line 3, 3 in Figure 2. -

Figure 4 is a section on the line 4, 4 in Figure 6,
through the hydraulic motor valve chamber and
the pilot valve chamber including the valve pas-

. sages leading from the valve casing to and from .

the motor cylinder. .
Figure 5 is .a top plan of the pilot valve seat
removed.
Figure 6 is a top plan view of the motor valve
casing with the pilot valve casing removed show-

ing the pilot valve and seat and also showing the

throttle valve.

Figure 7 is a section on the line 1, T in Figure 6,
showing the throttle valve, the pump passage
and the hydraulic motor valve chamber.

Referring to the drawings by numerals, each
of which is used to indicate the same or similar
parts in the different figures, the construction
shown comprises a hydraulic or equivalent motor
with its cylinder 2’ and piston 2, connected by
a piston rod 3 to a fuel feeding ram 4 which
operates in a ram passage 5 in alignment with
the hydraulic motor cylinder. The construction
also includes a hydraulic fluid pump 6, which is
driven by means of an electric motor 1 through
and by a belt 8 which engages a pulley 9 on the

shaft of the electric motor driving a pulley 9’

which operates the pump to provide a suitable
supply of hydraulic fluid under pressure to the
motor. -

The hydraulic motor cylinder { is connected
at each end to a valve casing {0 containing a
piston or other suitable valve (1, such connect-
tion being shown in the form of intake and ex-
haust passages 12 and (4. The passages {2 and
{4 terminate in the valve casing 10 in intake
and exhaust ports 15, 16 and there is an exhaust
pqrt'l'l which in the form of the invention shown
is connected to the exhaust passage I8 leading
to the low pressure or suction chamber 20 from
which hydraulic fluid is supplied to the pump,
which has an intake 20’ in chamber 20. The
fluid under pressure from the pump 6 is led by
way of pressure passage 21 to the pressure cham-
ber 22 of the valve casing 10 to be delivered by
way of the ports 15, 16 and the passages {2, 8
to the respective ends of the hydraulic motor
eylinder. This distribution of the hydraulic fluid
under pressure is performed under the control of
the slide valve 24 which in the form of the in-
vention shown is operated by the valve piston 11,

"manual control of the stoker.

2,079,135

This piston 1l in the form shown is a double
ended piston operated from both ends by hy-
draulic fluid in both cylinder ends, being con-
trolled by the pilot valve 25. The pressure cham-
ber 22 is illustrated fragmentarily in section in
Figures 4 and 7 in connection with the adjacent
end of the pressure passage 21, to which it is
connected by a throttle valve seat 26 controlled
by a throttle valve 2T shown as operated by a
screw stem 28. ‘The valve 27 is secured to the
stem 28, the threaded portion 29 of the stem 28
being engaged with a screw plug 30 seated in a
suitable cpening in the wall of the passage 2f,
the plug 30 having combined therewith a suit-
able packing gland 31. The valve stem 28 is
shown as provided with a circular graduated head
or handle 32 secured to the ouler end of the stem
28, the graduations being indicated by reference
character 33. These graduations cooperate with
a suitable stationary pointer 34 secured to the
valve casing {0.

The throttle valve 27 is used to determine by
throttling the normal pressure of the motor fluid
in the chamber 22. It may be operated and lo-
cated in any convenient manner, the above de-
tails being merely the preferred form.

A similar type of cylinder valve controlling a
hydraulic motor is illustrated in our Patent No.
2,004,558 the operation of the cylinder valve being
in turn controlled by a pilot valve which is iden-
tical with the pilot valve 25 of thé present con-
struction. The pilot valve assembly comprises a
casing 35 containing a valve seat 85 and a pilot
slide valve 37T cooperating with the seat and actu-
ated by means of valve rods projecting at one
end of the valve casing at 38 and at the other
end of the valve casing at 39, said rods being
threaded at their inner ends into the correspond-
ing ends of a valve carrier 40 in the pilot valve
chamber 41 of the pilot valve casing 35. The
rod 38 projects at one end through a packing
gland 42 and the rod 39 projects at one end
through a packing gland 43, the rod 3% having
secured to its outer end a handle 44 for use in
the manual operation of the pilot valve and the
The motor 1 is
-automatically controlled by means of a lever
mechanism like that of our copending applica-
tion No. 649,558, shown in plan in Figure 5 of said
application. This mechanism comprises a hori-
zontally arranged lever 50 at the side of the ram
and extending in the general direction or the ram
4. This is secured at.its center by means of a
set screw 49’’ to the lower end of an upright
shaft 49 which is seated in a boss projecting up-
wardly from the lever §0. This shaft rotates in
suitable bearings 47 in the main casting contain-
ing the ram passage, motor cylinder, etc. The
shaft 48 carries at its upper end a lever 45 which
projects in a horizontal plane at right angles to
the lever 50. The lever 45 which oscillates with
the shaft has jaws 46 which straddle the rod 38
between the stops or abutments 48 on said rod.
Lever 50 carries followers 50’, 50’ which are in
the path of the cam member 49’ which projects
from the side of the ram 4. At each end of the
ram stroke the contact of the cam member with
the followers 50°, 50’ at the ends of the lever
50 serves to swing the lever 50, likewise swinging
or rocking the lever 45, moving the rod 38 hy

‘contact of the jaws 46 with the stops or abut-

ments 48, shifting the valve 37 as in the previous
construction described in the copending appli-
cation. The operation of this construction being
a mere incident to the operation of a well known

10

20

25

40

80

70



- 3,079,185

control valve, is no part of the present invention.
The shifting .of the valve 37 operates the piston
t1, shifting the hydraulic motor valve 24, admit-
ting hydraulic fluid to the corresponding end of
the cylinder 2’ and effecting a stroke of the mo-

- tor, when the pilot valve is again operated and

10

15

another stroke of the motor is effected in due
course as above. The power and hence the speed
of the motor is controlled as hereinafter de-
seribed, the mechanism for the purpose being

the important subject of the invention.

The piston {1 of the hydraulic motor slide valve
24 which controls the supply of hydraulic fluid
under pressure to the hydraulic motor cylinder

2’ and the exhaust therefrom is controlled. by

- the pilot slide 'valve 37 which slides on the pilot

20.

30

40

‘chamber 41,

‘valve seat-36 shown in top plan in Pigure 5. This

seat contains an inlet passage 5| which may be
otherwise suitably.located. By way of this port
fluid under pressure is supplied to the pilot valve
the passage 51 being connected to
the pressure -chamber 22 of ‘the cylinder valve
casing by a passage 52.

nected by an exhaust passage 54 to the motor
exhaust 18 and with end exhaust ports §5, 56 on

.each side of the exhaust port 54 in the direction
These ports §5 and 56 are .

of the valve traverse.
connected by exhaust passages 51, 58 to the re-
spective head ends of the respective valve cylin-
ders 59. The pin 40’ Pigures 5 and 6, positions
the valve seat 36 relatively to the casing 10, giving
the desired registration of the passages in the seat
and in the casing. The pilot valve seat is also

provided with pressure ports 60, 61, spaced lat-’
-erally from the center exhaust port 53 to be cov- .

ered and uncovered by the pilot slide valve 31
best illustrated in plan in Figure 6 and shown in
section in Figure 4. These ports 60 and 6{ are
uncovered alternately and when eitlier port is
uncovered the corresponding hydraulic motor

- .valve cylinder 59 is connected to a supply of hy-
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draulic fluid under pressure led to the pilot valve
chamber 41 by way of the passages 51 and 52
from the cylinder valve chamber 22. To effect
the alternative closing and opening of the pres-
sure ports 60, 61, the pilot slide valve 31 is pro-

-vided ‘with staggered and lateral- extensions 62

and 63, and to provide for the alternate connec-

tion of the end exhaust ports. 51 and 58, leading

from the head ends of valve cylinders 58 to the
central exhaust port §3, the slide valve 31 is pro-

‘vided with grooves or passages 64 and 65 in its

bottom surfaces. The hydraulic motor valve cas-
ing 10 is also provided with inlet or pressure pas-

sages 66, 67 connected to the head ends of the -

respective hydraulic motor valve cylinders 59
and.to the. pressure ports 60,.61, in the pilot valve
seat by passages 60’, 61’ in said seat continuous
with - the corresponding inlét or pressure passages
66, 67. -As the motor valve 24 is shifted by the
operating of the pistons 41 in the cylinders 59
under the control of the pilot valve 3%, the ports
15 and {6 are alternately opened to the pressure
in chamber 22, and connected to exhaust passage
{8 which in the form shown leads to pump suc-
tion or supply chamber 20 a,nd may lead to any
suitable exhaust. .

The relief valve in combination with the motor
and a supply of fluid under pressure to operate
the same with throttling means between the mo-
tor and the sourcé of supply, the manner of con-
necting the relief valve to the hydraulic fluid pres-
sure line on both sides of the throttling means
and the details of the relief valve assembly con-

The pilot valve seat 36 .
is provided with a center exhaust port 53 con- -

3

stitute the novel subject matter of the invention.

The relief valve assémbly 70 in the form shown
comprises a seat member Tl connected to the
pressure passage 21 which receives fluid under
pressure -directly from the pump. This seat
member Tl has a relief passage 12 connected to
the passage 2! at the outer end of which passage
is a seat 713. Cooperating with this seat in the
form of the invéntion shown is a ball valve 14
for -which any suitable type of nonreturn valve
may be substituted. At the sides of the valve
seat are discharge openings 75§ which in the form
of the invention shown lead to the low pressure
or suction chamber 20 in which the seat mem-
ber Ti is located. This séeat member 11 as illus-

trated is extended beyond the seat 13 in the

form of ‘a tubular spring casing ‘16 in which is

“located the relief valve spring 11 which tends to
hold the check valve or nonreturn valve ball

14 in contact with the seat 73. This spring en-
gages at one end the disk 19 of valve cap T8
which disk is concaved on one side to fit the ball
and provided on the other side with a project-

ing stud 80 which is enclosed in the end- coils -

of the spring 11. The spring 11 bears at the end

" opposite to the stud 80 and disk 79 against a
.plunger 81 which slides in the tubular spring

casing 16, thus determining the tension of the
spring and the pressure on the ball which tends
to maintain it closed against the pressure of the
hydraulic-fluid in the passage 21. The plunger
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81 is. carried by a pin 82 which extends to the . -

left in Pigure 2 from the plunger 81, being en-
gaged at its extreme end by an adjusting screw
83 which is held in.adjusted position by a lock

“nut 84, the screw 83 being threaded into a suit-

able tapped hole in head, 108, to be described.

This head is stationary. Thus, the pressure at

which a portion of the hydraulic fluid is dis-
charged through the relief valve seat 13 and/or

‘by-passed around the throttle, is regulated. Un-

der normal load and pressure the valve is open,
the spring being adjusted and the excess fiuid
pumped at this pressure, the arhount of which is

-8 function of the resistance offered to the op-

eration of the motor due to the resistance of
the ram, and of the power applied to the pump,
is discharged and/or by-passed as hereinafter
described. By checking the discharge, the pres-
sure of the fluid supplied to the motor is in-

- creased and the power of the hydraulic motor

{ correspondingly increased. In this connection
it is of interest that the seat 13 is connected
to the passage 21 at a point between the pressure
side of the pump or other source of hydraulic
fluid under pressure and the throttle 27.
throttling member in the normal operation of the

- pump effects a reduction of. the difference in.

pressure between the pressure passage 21 and
the valve chamber 22, from which latter the hy-
draulic fluid passes to the hydraulic motor, it
being. further of interest that the adjustability
of the throttle opening through the seat 26 is
not essential to the functioning of the relief
valve in accordance with the invention, but such
adjustability is desirable in the operation of the
hydraulic motor under any circumstances,

It is the object of the invention, as already
pointed out, to cause the hydraulic motor to op-
erate under normal loads with the minimum of

" power, utilizing a portion of the hydraulic fluid
‘pumped at a low pressure, the remainder of the

ﬂuid being discharged from the pressure pas-

sage between the pump’ delivery and the throt- -
tle, and preferably bypassed around the throttle

This
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from the pressure to the suction side of the pump.
As an excess resistance is encountered at the
ram, it is the purpose of the invention to check
the discharge of the fluid at the relief valve 80
whereby the pressure in the hydraulic fluid on
the pressure side of the pump, i. e., in the ‘pas-
sage 21, is built up, communicating the increased
pressure through the throttle opening to the
chamber 22 on the intake side of the hydraulic
motor. To accomplish this result, an increased
closing tendency is imparted to the relief valve
member T4, This increased closing tendency is
effected in accordance with the preferred form
of the invention by means of a release valve pis-
ton 85 mounted in the release valve cylinder 86,
see Figure 2, and fitting said cylinder to slide
therein in response to hydraulic pressures set up
in the cylinder or other convenient type of ex-

.pansible chamber similarly conneécted. Beneath

the piston 85 and opposed to the expansion .of

the space between the piston and head 108, we,

haye shown a coil spring 87 engaging. the pis-
ton at one end and at the other end engaging
the bottom of a cylindrical spring housing 88
which surrounds the spring. This housing 88
projects into the pump intake or suction cham-
ber 20 and is vented into this chamber at 89,
the cylinder 86 being formed in the opposite end
of the casing 88, and also shown as projecting
into chamber 28. The piston 85 as shown slides
on the pin 82 as to which it serves as a guide
and by which it is partially guided. As shown,
the piston is provided with a short tubular shank
or piston rod 90 which extends to the right in
the direction of the valve 14, provided with an
internal slide bearing 91, in which the pin 82
has a sliding fit. The bearing also extends
through the piston proper as shown. -The pin
82 slides in the piston 85 and bearing 91 and
the piston 85 moves on the pin, being also guided
and supported in the cylinder.

The casing 88 including the cylinder 86 in the
form shown extends through the wall of the

chamber 20 and fits therein, being secured to
said wall from without by a flange 105 formed

on cylinder 86, which flange immediately overlies
and fits closely to the wall, being held by screw
bolts 106. The spring casing 16 which is shown
as integral with the relief valve seat 71, extends
into the spring casing 88 through an opening
107 in the end wall of the casing and the adjust-
ing screw 83 is seated in a piston head 108 which
closes the end of the release valve cylinder 86,
the head where it bears against flange {05 on

3 which it is seated, being suitably packed. It is

held by screw bolts 109. The adjusting screw 83
is threaded into a boss {10 formed on the cylin-
der head (08 and as shown it is protected by a
cup fil threaded on to the outer end of the
boss 110. .

The release valve cylinder 86 is connected by a
passage 92 and 92’ to the hydraulic motor valve
chamber 22, i. e., between the hydraulic motor
intake and throttle valve seat 26, which, as al-
ready pointed out, contains the throttled hy-
draulic fluid under the pressure at which it is
presented to the hydraulic motor. Inserted in
this passage 92 hetween the cylinder 86 and
chamber 22 is a check valve assembly 93 having
a casing 94 which is shown as formed in two
parts 94°, 94”’, having a threaded engagement
with each other; between the parts 84’ and 94’/
is clamped a valve seat 95 having two ports 96,
97 extending therethrough, both connected by
said casing as to their opposite openings to the

2,079,185

two ends of the passage 92, 92’, on the two sides
of the valve casing 94. Cooperating with one of
these ports is a check valve 97’ shown as in the
form of a ball valve held normally in contact
with its seat by a coil spring 98, the valve being
engaged with the side of the seat toward the
cylinder '86. The chamber 99 within the casing
84 is divided into two parts by a partition 108,
and the half of the chamber on the right side
in Figure 2 opposite the side containing valve
971’ is closed -at its upper end by a ball valve 101
cooperating with a valve seat member or block

102 containing a passage with a valve seat 103

disposed toward the passage 92’ adjacent the
chamber 22 and held normally in contact with its
seat by a coil spring 104. 'The presence of the
valve assembly 93 in the passage 92, 92’ is not
absolutely essential to the operation of the re-
lief valve or to the control of its operation by
the piston 85 in the cylinder 86 but it is of great
advantage in preventing frequent operation of
the piston to increase the closing tendency of the
valve T4 and thus build up the pressure in the
passage 21 and the chamber 22 in response to
minor changes of load where such increased pres-
sure is not necessary to operate the ram with
reasonable uniformity of speed. Frequent oper-
ation involves frequent vibrations.or reciproca-
tions of the piston 85 and frequent flexing of the

. springs 87 and 77 which may be broken, and it

also results in loss of power. The valve assembly
93 is instrumental, as already suggested, in pre-
venting unnecessary and too frequent operations
of the piston 85 with the consequent increased
closing tendency of the valve 74 and building up
of motor fluid pressure. It will be noted that the
piston 85 which is an unbalanced piston receiving
fluid pressure on one side only is of considerable
area, compared to the area of the valve seat 73
and also of the valve seat or port 96. The valve
assembly 93 has the effect of protecting the pis-
ton 85 from frequent and relatively slight
changes of fluid pressure in valve chamber 22
and also serves to release the excess pressure
from the cylinder 86 when the excess load on the
motor has ceased so that the back pressure on
the motor fluid supply drops and the pump pres-
sure is correspondingly reduced, thus permitting
opening of the check valve 14 with further re-
duction of pump pressure as soon as the excess
load on the motor is disposed of.

In operation, when pressure in excess of the
normal working pressure, is built up in chamber
22 due to increased load on the hydraulic motor
and consequently slower operation of the hy-
draulic motor, this increased pressure is applied
to the piston 85 by introduction of hydraulic fluid
under pressure through the passage 92 from
chamber 22 with or without check valve 93 into
the cylinder 86; the piston 85 moves to the right
against the tension of the spring 87 which has

previously balanced the pressure in the cylinder

86 due to normal pressure in chamber 22, and
when the lost motion at 112 has been taken up by
compression of the spring 81, providing a time
element in which valve T4 remains open as pre-
viously, due to the pressure in passage 21 on
the pump side of the throttle opening, the relief
valve spring 11 is compressed increasing the ten-
sion of the spring and the tendency to close the
relief valve by advancing the ball valve 14 toward
or against the seat 13. This increases the back
pressure on the pump throwing an increased
load on the electric motor T which in response in-
creases the generation of power continuing the
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operation of the pump at the increased pressure,
thus communicating increased pressure through
the throttle 26, 2T to the cylinder valve chamber

22, from which the hydraulic fluid under in-’

creased pressure is supplied to the hydraulic mo-
tor increasing the power of the motor and the
thrust exerted by the piston on the rim until the
excess resistance is overcome and the load on
the motor reduced. - S ) -
When a substantially increased load is placed
on the hydraulic motor due to cramping of the

- fuel, or unusual coking or the like or in any
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way, as already described, causing excess resist-

ance to the reciprocation of the ram and conse- .
.quent resistance to the advance of the hydraulic

motor piston, the pressure in the chamber 22 of
the piston valve being built up and increased
as described, this pressure is'communicated from

the hydraulic motor valve chamber 22 through .

passage 92’ to the casing 94 of the check valve
assembly and hence through the port 96 to the

98 and by normal pressure in.the chamber 86
communicated through passage 92 to the top of
valve 97. The small area of the valve 97 which
is exposed at the seat or port 86, so reduces the
actual upward thrust applied to the ball by the
increased  pressure communicated from - the
chamber 22 that a considerable increase of pres-

-sure is balanced by the spring 98 and a conse-

quently considerable increase in pressure is nec-
essary to open the valve 81, - This prevents oper-
ation of the piston 85 on slight variations of
load which océur frequently in the normal oper-
ation of the fuel feed and are overcome withc it
the necessity for building up the pressure by
closing the relief valve. In this way frequent
reciprocations of the piston 86 with a conse-
quent repeated flexing of the springs 87, 11 and
a resulting early breaking or deterioration of

these springs is prevented. Also, frequent in-

creases of load on the electric motor when such
increase is unnecessary are prevented. = .

On the cpening of the valve 87 the increased
pressure from the chamber 22 is communicated
through passage 92’, the seat or port 96 and
the passage 32 to the cylinder 86.moving the pis-
ton 85 to .the right, the transfer of fluid from
the chamber 22 to the cylinder 86 continuing
with a consequent advance of the piston 85 to
the right until the lost motion at 112 is taken
up and further continuing until the spring 11
is compressed, placing increased pressure on the
valve\14 and either closing it or partially closing

* it until the pressure in the pump delivery pas-

sage 21 is so increased 'as to communicate

" “through the throttle. 26, 27 and to the- chamber

¢h

29 gufficient increased pressure .to build up the
power of the hydraulic motor to an extent which

will cause it to overcome the increased load gen-

. erally in the form of.an obstacle interposed in

e
e
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the path of the ram, as already described. When
this excess resistance load has been overcome,
the increased speed of the hydraulic motor causes
a reduction of pressure in the chamber 22 and
a reduction of pressure on the under side of the
valve 91 which permits this valve to close, and
the reduction of pressure in chamber 22 ahd in
the passage 92’ resulting from the increased
speed of thé motor causes sufficient drop of pres-

sure in the portion of the passage 92’ adjacent

the chamber 22 and berieath the valve (01 so
that this valve is unseated due to the excess

pressure in the cylinder 86 wheréby the excess -
fluid therefrom is permitted to escape past the .

8

seat 103 of the valve 101 retuiiﬂng to the cham-.
ber 22 of the piston valve, the fluid belng ex-

pelled from the cylinder 86 by the operation of :
the spring 8T until the pressure in the cylinder -

86 is. returned practically to normal and serves
to balance the spring 87, the piston 85 being then
retired to the position, Figure 2. In this way
the excess pressure is removed from the spring
11, the relief valve 14 is opened by the pressure
in passage 12 to a position in which the ‘spring
11 balances the pressure against the ball 74 and
operation of the hydraulic motor cr pump con-
tinues at normal pressure and normal power,
the excess fluid from the pump being by-passed
from the pressure passage 21 connected to the
delivery of the pump through the passage 12 and
seat 13 to chamber 20 on the suction side of the
pump or otherwise disposed of, :

In this way the construction described pro-
vides for the bypassing of the hydraulic

"fluid from the delivery or pressure side of the
valve 97 which is held on its seat by the spring

pump, i. e, from the -passage 21 between the
pump and the thrcttle opening at 26 to the suc-
tion side of the pump, i. e., the chamber 23 or
other suitable point of discharge, the relief valve
receiving from any suitable source as the spring
11 a normal tendency to close against the pres-
sure of the pump, which tendency is in opera-
tion against normal load overcome by the pres-

_sure of the pump as just described, permitting
'the pump and motor to operate normelly at a

relatively low pressure and low conSumption of

- power, the invention providing means whereby
the tendency of the relief valve to close is in-
creased whernever an increased load is commu-

nicated to the hydraulic motor by the ram, or
otherwise encountered. This increased closing
tendency is communicated to the relief valve T4
from a point in the hydraulic fluid pressure sup-.
ply passage or pressure passage leading from the
pressure side of the pump to the intake of the
motor, said point being preferably located be-
tween the throttle opening 26 or any throitling
means and the intake of the motor in the form
shown from valve chamber 22, said increase of
the closing tendency being further controlled by

‘the check valve 87 or equivelent means, means
“also being provided shown in the form of valve

101, for thereafter relieving the pressure set up
in cylinder 86. or other expanding chamber in
increasing the closing tendency appled to the
relief valve 74. E ‘ .

Applicants have thus provided means for op-
erating the hydraulic motor which drives the

" rain under normal conditions at low pressures

with & minimum consumption of power auto-

-matically increasing the power to overcome any

obstacle which may be encountered whenever
such obstacles are encountered, also immediate~
ly reducing the power generated to normal when
such obstacles have been overcome.

We have thus described specifically and in- de-

tail a hydraulic motor control for use in con-

nection with a fuel feed ram or the like, embody-
ing the features of our invention in the preferred
form, in order that the manner of constructing,
applying, operating and using the same may be
fully understood, however,. the specific terms
herein are used descriptively rather than in a
limiting sense, the scope of the invention being
defined in the claims.

What we claim as new and
Letters Patent Is:

desire to secure by
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1. The combination with a hydraulic motor

and o fuel feed ram operated by the motor, a

¢
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pump with a pressure passage connecting the
pump to the hydraulic motor to supply fluid un-
der pressure to the hydraulic motor to operate
the motor, a source of power with a driving con-
nection to the pump, of means in the pressure
passage intermediate the pump and the motor in-
take for checking and determining the flow of
fluid under pressure from said pump to the motor
intake and effecting a drop of pressure in the
fluid as fed to the motor intake when operating
at normal speed, a relief valve connected to said
passage between the pump and said checking
means to discharge fluid therefrom, means tend-
ing to close said valve which is normally bal-
anced by the fluid pressure holding the valve
open to release a portion of the fluid pumped,
permitting the pump and motor to operate under
normal motor loads at a relatively low pressure,
means connected to said motor supply pressure
passage between said check and the motor and
operated by the fluid pressure at that point for
increasing the closing tendency of the release
valve under loads in excess of the normal load
as when excess resistance is encountered to the
operation of the ram, tending to build up the
operating pressure of the hydraulic motor.

2. The combination with a hydraulic motor
and a fuel feed ram operated by the motor, and
a pump with a pressure passage connecting the
pump to the hydraulic motor to supply fluid
under pressure to the hydraulic motor to operate
the motor, a source of power having a driving
connection to the pump to operate the pump,
the said pressure passage having meens therein
intermediate the pump and the motor for check-
ing and determining the flow of fluid under pres-
sure to the motor and effecting a drop of pressure
beyond the check under normal loads and speeds,
of a relief valve connected to said passage be-
tween the pump and said check, a spring tending
to close said valve which is normally balanced
by the fluid pressure holding the valve open to
release a portion of the fluid pumped, permitting
the pump and motor to operate under normal
motor loads at & comparatively low pressure,
means operated by the fluid pressure beyond the
check for increasing the closing tendency of the
release valve when excess resistance is encounter-
ed to the operation of the ram, increasing the

motor load above normal and tending to decrease.

the speed of the motor and to build up the pres-
sure beyond the check, said latter means in-
cluding a cylinder, a piston therein connected to
the spring and a fluid passage connecting said
cylinder to the pressure passage between the

" check and the hydraulic motor to supply fluid

60

to the cylinder to compress said spring, increas-
ing the closing tendency of the valve and the
pressure of the fluid delivered to the motor.
3. The combination with a hydraulic motor
and a fuel feed ram operated by the motor, a
bump with a pressure passage connecting the
pump to the hydraulic motor to supply fluid un-

_der pressure to the hydraulic motor to operate
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the motor, a source of power with a driving con-

*_nection to the pump, the said pressure passage

having means therein intermediate the pump
and the motor for checking and determining the
flow of fluid under pressure to the motor and
effecting a drop of pressure beyond said checking
means under normal loads and speeds, of a relief
valve connected to said passage between the
pump and said check, means tending to close
said valve which is normally balanced by the fluld
pressure holding the valve open to release a por-

. 3,079,135

tion of the fluid pumped, permitting the pump
and motor to operate under said normal motor
loads and speeds at a comparatively low pressure,
means operated by the fluid pressure beyond the
check for increasing the closing tendency of the
release valve when excess resistance is encoun-
tered to the operation of the ram increasing the
motor load above normal and building up the
pressure beyond the check, said latter means in-
cluding a cylinder, a piston therein and a fluid
passage connecting said cylinder to the pressure
passage between the check and the hydraulic
motor, a spring applied to the piston oppositely
to said pressure, a check valve in said latter pas-
sage opening toward the cylinder and a spring
tending to maintain the check valve closed to
prevent the communication through said passage
to the cylinder of slight changes of pump pres-
sure, and means for releasing fluid from said
cylinder when the motor load and intake pres-
sure are reduced to normal after such increased
load.

4. The combination with. a hydraulic motor and
a fuel feed ram operated by the motor, a pump
with a pressure passage connecting the pump to
the hydraulic motor to supply fluid under pres-
sure to the hydraulic motor to operate the motor,
a source of power with a driving connection to
the pump, the said pressure passage having means
therein intermediate the pump and the motor for
checking and determining the flow of fluid under
pressure to the motor and effecting a drop of pres-
sure beyond said check by means under normal
loads and speeds, of a relief valve connected to
said passage between the pump and said check,
means tending to close said valve which is nor-
mally balanced by the fluid pressure holding the
valve open to release a portion of the fuid
pumped, permitting the pump and motor to oper-
ate under said normal motor loads and speeds
at a comparatively low pressure, means operated
by the fluid pressure beyond the check for increas-
ing the closing tendency of the release valve when
excess resistance is encountered to the operation
of the ram, increasing the motor load above nor-
mal and building up the pressure beyond the
check, said latter means including a cylinder, a
piston therein and a fluid passage connecting said
cylinder to the pressure passage between the
check and the hydraulic motor, means tending
to move the piston in opposition to the fluid pres-
sure from said Buid passage, a check valve in said
latter passage opening toward the cylinder and
a spring tending to maintain the check valve
closed to prevent the communication through said
passage to the cylinder of slight changes of pump
pressure, a closed passage connecting the motor
discharge to the intake of the pump providing
continuous ecirculation of the hydraulic fluid and
the relief valve being connected to discharge into
said latter passage, and means for releasing fluid
from said cylinder when the motor load and in-
take pressure are reduced to normal after such
increased load. .

5. The combination with a hydraulic motor, a
fuel feeding ram connected thereto to be operated
thereby, the motor having valve means connected
to the ram whereby the operation of the motor is
controlled by the ram, a pump with a pressure
passage connected to the pump discharge and to
the intake of the hydraulic motor to supply the

fluid under pressure to the intake of the hydraulic
motor to operate the motor, power means foi'
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driving the pump and throttling means control- i

ling the pressure passage between. the pump and
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the intake of the hydraulic motor, of & relief valve

connected to the pressure passage between the

pump and said throttling means, the relief valve
being normally open to release a portion of the

‘fluid pumiped whereby the pump and motor are

normally operated at relatively low pressure, and

" means connected to the pressure passage between

10

the pump and the hydraulic motor intake tending
to close the relief valve as the motor supply pres-
sure at this point is built up due to increased load
on the motor incident to increase of resistance to
the operation of the ram, and a passage connect-
ing the motor exhaust to the pump intake provid-

‘ing continuous- circulation of the hydraulic.fluid

from the pump to the motor, said relief valve being
connected to discharge into said latter passage.

6. The combination with a hydraulic motor, &
fuel feeding ram operated thereby, the motor hav-

_ing valve means connected to the ram whereby

20

the operation of the motor is controlled by the

" ram, of a pump having' a pressure passage.con-
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necting the pump delivery to the intake of the
hydraulic motor leading fluid under pressure to

‘the motor to operate the motor, means for driv-
“ing ‘the pump, and pressure reducing means in

said passage hetween the pump and the motor
of a relief valve connected to the pressure passage
between the pump and sald. pressure reducing
means, means tending to close the relief valve
against the pressure in said passage,. said relief

valve being held open by normal pressure to re-.

lease a portion of the fluid pumped, causing the
pump and motor to operate normally at a rela-
tively low pressure, means for increasing the ten-
dency of said means to close the relief valve com-
prising an expanding chamber having a moving

amember, said closing means comprising a spring
and s lost motion device whereby said moving

inember is connected to the valve to increase the
tehdency to close the valve as said ‘chamber ex-
pands beyond a predetermined point, a connec-

tion from said pressure passage, at a point be--
tween the pressure reducing means and the motor

intake, to sald expanding chamber to communi-

. cate the changes.of pressure from said point to the
expanding chamber whereby- the tendency to-

close the relief valve Is increased as the load on
the motor is increased beyond a predetermined
point incident to increasé of resistance to the op-
eration of the ram and means for releasing the
pressure from said chamber when the pump in-
take pressure is reduced to normal.

9. The combination with a hydraulic motor, a
fuel feeding rain operated thereby of a pump hav-
ing a pressure passage connecting theé pump de-

. lvery to the intake of the hydraulic motor lead-

ing fluid under pressure to the motor to operate

the motor, means for driving the pump, and pres-

. sure reducing means in said passage between the
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pump and the motor, a relief valve connected to
the pressure passage between the pump and said
pressure reducing means, a spring tending to close
the relief valve’ agalnst the pressure in said pas-

" sage, sald relief valve being held open by normal .°

pressure to release a portion of the fluid pumped,

causing the pump and motor to operate normally:

‘at a relatively low pressure, means for increas-
ing the tendency of said spring to close the relief
valve comprising an expanding chamber having a
moving member, a lost motion device connected
to said member, supporting said'spring oppositely

to the valve to increase the tendency to close’

the valve as said chamber expands, a  spring
tending to contract said chamber, a connec-

tion from said pressure passage at .a point be-

tween the pressure reducing means and the motor
intake to sald expanding chamber to communi-
cate the changes of pressure from sald point to
the expanding chamber whereby the tendency to
close the relief valve is increased as the load on
the motor is increased beyond a predetermined
point incident to increase of resistance to the op-
eration of the ram, a passage connecting the
motor exhaust to the pump intake providing con-
tinuous circulation of the hydraulic fluid, the
relief valve being connected to discharge into said
latter passage.

- 8. The combination with a hydraulic motor of

7.

10

a fuel feeding ram operated thereby, 2. pump .

having a pressure passage connecting’ the pump -

delivery to the intake of the hydraulic motor

leading fluid under pressure to the motor to

operate the motor, means for driving the pump,
and pressure reducing means in said passage be-
tween the pump and the motor, of a relief valve

- connected to the pressure passage between: the

pump and said pressure reducing means, resilient
means tending to close the relief valve against the
pressure in sald passagé, said resilient means
being balanced and the relief valve being held
open by normal pressure to release a portion of
the fluid pumped, causing the pump and motor
to operdte normally at relatively low pressure,
means for increasing the tendency of said resilient
means to close the relief valve comprising an ex-
panding chamber having a resiliently controlled
moving wall member, a lost motion device for
transmitting pressure from said member to said
rellet” valve by way of said resilient means in

_the direction of closing after a predetermined mo-

tion of said wall member, & connection from said
passage at a point between the pressure reducing
means and the motor intake to said expanding
chamber to communicate the changes of pressure

“from sald vpoint to the expanding chamber.
- whereby the tendency to close the relief valve is

increased as the load on the motor incident to
increase of resistance to the operation of the ram
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is encountered, and meéans in said connection for -

checking communication of slight changes ,of
pressure from said pressure passage to said ex-
panding chamber, ‘

9. 'The combinationr with a hydraulic motor, a
fuel feeding ram operated thereby, a pump hav-
ing a pressure passage connecting the pump de-
livery to the intake of the hydraulic motor leading
fluid under pressure to the motor to operate the
motor, means for driving the pump, and pressure.
reducing means in said passage between the pimp
and the motor, of a relief valve connected to the
pressure passage between the pump and said pres-
sure reducing means, resilient means tending to
close. the relief valve against the pressure in
sald passage, said resilient means ‘being balanced
and the relief valve being held open by normal
pressure to release a portion of the fluid pumped,
causing the pump and motor to operate normally
at relatively low pressure, means for increasing
the tendency of said resilient means to close

- the relief  valve <¢omprising an expanding

chamber having a moving wall member for trans-

' mitting increased pressure through sald resilient

means to said relief valve in the directmn of
‘closing, a connection from said passage at a point
between. the pressure reducing means and the

‘motor intake to said expanding chamber to com-
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municate the changes of pressure from said point -

to the expanding chamber whereby the tendency
to close the relief valve is increased as the lcad
on the motor incident to increas_e of resistance
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to the operation of the ram is encountered, means
tending to contract said chamber, a valve in said
connection for checking communication of slight
changes of pressure from said pressure passage
to said expanding chamber, and a bypass with
valve means therein providing for release of fluid
from said cliamber at a predetermined drop of
the pump intake pressure, a passage connecting
the motor exhaust to the intake of the pump
providing continuous circulation of the hy-
draulic fluid, said relief valve being connected to
discharge into said passage.

10. The combination with a hydrauhc motor, a
fuel feeding ram operated thereby, a pump hav-
ing a pressure passage connecting the pump de-
livery to the intake of the hydraulic motor, lead-
ing fluid under pressure to the motor to operate
the motor, and méans for driving the pump, of
flow retarding pressure reducing means in said
passage between the pump and the motor, a relief
valve discharging from the pressure passage be-
tween the pump  and said pressure reducing
means, means for closing the relief valve com-
prising an expanding chamber having a moving
wall member and resilient means for transmit-
ting pressure from said member to said valve
tending to close the same, a connection from
said motor pressure passage to said expanding
chamber to communicate the changes of pressure
from said motor to the expanding chamber
whereby the relief valve is closed as an increased
load on the motor incident to increase of re-
sistance to the operation of the ram is en-
countered.

11. The combination with a hydraulic motor
adapted to be directly connected to a fuel feeding
ram to operate the same, to pump supplying hy-
draulic fluid under pressure to the motor, power
means for operating the pump, said connection

being in the form of a pressure passage connected -

to the delivery side of the pump and to the in-

take side of the motor, throttling means in said

passage for checking the flow of hydraulic fluid
effecting a drop of pressure between the pump
delivery and the motor intake at normal motor
speeds and loads, and a passage connecting the
motor exhaust to the intake of the pump, said
passage comprising a suction chamber of a relief
valve seat connected to said pressure passage be-
tween the throttling means and the pump and

‘having a discharge opening into said chamber, a

valve co-operating with said .seat and closing
against the pressure in the pressure passage, a
spring tending to close the valve, the valve be-
ing balanced by normal pressure in the pressure
‘passage so that the valve is normally open to
bypass a portion of the fluid pumped from the
pressure passage to said chamber, a cylinder, a
spring guide in alignment with said cylinder and
forming an extension of said cylinder and also
having its axis in alignment with the axis of the

. valve seat and having a spring support at the end
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remote from the cylinder, a piston in said

_ cylinder, a spring bearing at one end against said .
piston and at the other end against said spring

support, the end of the cylinder toward the valve
seat being vented into said chamber, the spring
tending to balance the piston at normal pressure,
a plunger mounted to slide in alignment with the
cylinder axis and bearing on the valve spring
oppositely to the valve, means for applying the
thrust of the piston to said plunger to increase
the spring pressure tending to close the valve, the
advance of the piston in response to the introduc-
tion of pressure into the cylinder applying in-

2,079,135
" creased pressure to the valve spring and increas-

ing the closing tendency of the relief valve, and a
passage connected to the cylinder on the side of
the piston remote from said valve and to the pres-
sure passage between the throttling means and
the motor intake.

12. The combination with a hydraulic motor
adapted to be directly connected to a fuel feed-
ing ram to operate the same, a pump supplying
hydraulic fluid under pressure to the motor, power
means for operating the pump, e pressure pas-
sage connected to the delivery side of the pump

means in said passage for checking the flow of
hydraulic fluid effecting a drop of pressure be-
tween the pump delivery and the motor intake
at normal motor speeds and loaas and a passage
connecting the motor exhaust to the intake of
the pump, said passage comprising a suction
chamber, a relief valve seat connected to said
pressure passage between the throttling means
and the pump and having a discharge opening
into said chamber, a valve cooperating with said
seat and closing against the pressure in the pres-
sure passage, a spring tending to close the valve
balanced by normal pressure in the pressure pas-
sage so that the valve is normally open to bypass
a portion of the fluid pumped from the pressure
passage to said chamber, a cylinder, a spring

guide in alignment with said cylinder, forming an *

extension of said cylinder in the direction of the
valve seat and also having its axis in alignment
with the axis of the valve seat and having a
spring support at the end remote from the cylin-
der, a piston in said cylinder, a spring bearing
at one end against said piston and at the other
end ageinst said spring support, the cylinder
being vented into said chamber, a. plunger mount-
ed to slide in alignment with the cylinder axis
and bearing on the valve spring oppositely to

the valve, means for applying the thrust of the.

riston to said plunger to increase the spring pres-
sure tending to close the valve, the advance of
the piston in response to the introduction of
pressure into the cylinder applying increased
pressure to the valve spring and increasing the
closing tendency of the relief valve, said means
having a clearance providing lost motion be-
tween the piston and the plunger before the pres-

sure of the piston is applied to the plunger as the *

piston advanced,apassage connected to the cylin-

10

. and to the intake side of the motor, throttling -
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der on the side of the piston remote from said -

valve and to the pressure passage between the
throttling means and the motor intake.

13. The combination with a hydraulic motor *

adapted tc be directly connected to a fuel feed-
ing ram to operate the same, a pump supplying
hydraulic fluid under pressure to the motor,
power means for operating the pump, a pressure
passage connected to the delivery, side of the
pump and to the intake side of the motor, throttle
means in said passage for checking the flow of
hydraulic fluid effecting a drop of pressure be-
tween the pump delivery and the motor intake
at normal motor speeds and loads and a passage
connecting the motor exhaust to the intake of
the pump, sald passage comprising a suction
chamber, a relief valve seat connected to said
pressure passage between the throttling means
and the pump and having a discharge opening
into said chamber, a valve cooperating with said
seat and closing against the pressure in the pres-
sure passage, a spring tending to close the valve,
said spring being balanced by normal pressure
in the pressure passage, so that the valve is nor-
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m‘ally.‘open to bypass a portion of the fluid

- pumped from the pressure passage to said cham-

ber, a cylinder, a spring guide in alignment with
said cylinder and forming an extension of said
cylinder and also having its axis in alignment
with the axis of the valve seat and having a spring
support at the end remote firom the cylinder, a
piston in said cylinder, a spring bearing at one
end against said piston and at the other end
against said spring support, the cylinder being

vented into said chamber, a piunger mounted -

to siide in the direction of the cylinder axis and
bearing on the valve spring oppositely to the
valve, means for applying the thrust of the piston
to said plunger to increase the spring pressure.
tending to close the valve, the advance of the
piston in response to the introduction of pres-
sure into the cylinder applying increased pres-
sure to the valve spring and increasing the clos-
ing tendency of the relief valve, said means hav-
ing a clearance providing lost motion between the
piston and the plunger with an interval after
the initial motion of the piston and before the
pressure of the piston is appiied to the plunger,
a passage connected to the cylinder on the side
of the piston remote from said valve and to the
pressure passage between the throttling means
and the motor intake, a check valve in said pas-
sage opening toward the cylinder and means
tending''to maintain said valve closed whereby
slight variations of pressure at the motor intake
are overcome, without transmitting any addi-

tional fluid from the cylinder thus checking the -

tendency to frequent .vibrations of the piston in
response to minor changes of load but opening
to communicate to the cylinder important
changes of pressure at the motor intake which
must be overcome by increased pressure in the’

hydraulic fluid and increased power and means .

for releasing fluid from the cylinder when in-
creases of lcad have heen overcome and the lead
and fluid pressure at the motor intake are

.- reduced.

14. The combmatmn with a hydraulic motor
adapted for direct connection to a -fuel feeding
ram to operate the ram, a pump, a pressure
passage connecting the pump delivery to the in-
take of the motor, power means for operating
the pump, pressure reducing means in the pres-
sure passage between the pump and the motor,
a passage connecting the motor exhaust to the:

pump intact, said passage comprising a chamber .

of a relief valve seat connected to the pressure
passage between the pump discharge and the
motor, said valve seat having a discharge open-

'ing into said chamber, a valve cooperating with
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said seat closing against the pressure in said
pressure passage, & spring tending to hold the
valve closed, a guide for the spring connected
to the valve seat, a cylinder, a spring support
connected to said cylinder and located in the
said chamber, said support having an opening.
in which the spring guide is located, a piston in
said cylinder, the spring guide being in align-
ment with the axis of the cylinder, & coil spring

-bearing at one end on the spring support and at

the other end against the piston on the side
toward the relief valve, a plunger engaging the
valve spring oppositely to the valve, means for
communicating the motion of the piston to the

" plunger, a passage connecting the cylinder on

75

the side of the piston opposite to the valve to
the pressure passage between the throttling
means and the motor intake, means for adjust-
ing the position of the plunger and the tension

H .
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of the valve spring, the connecting passage to
the cylinder having a check valve therein which

closes against the pressure from said pressure
passage, a spring tending to close said valve and

a bypass around said valve, a valve in said by- -

pass opening against the pressure in the pressure
passage, and means tending to maintain said lat-
ter valve on its seat, the first mentioned valve
in said connecting passage serving to prevent the
transmission to the cylinder of small fluctuations
of load and pressure, but serving to open in re-
sponse to larger fluctuations, the valve in the
bypass being held closed by the increased pressure
from the pressure passage, but being opened after
each increased load has been overcome fo re-
lease the excess pressure in the said cylinder
and permit the cylinder to be returned to its
normal position by the operation of the spring
which bears on the piston.

15. The combination with & hydrauhc motor

-and a pump for supplying fluid to the same to

operate the motor, of 4 low pressure fluid sup-
ply chamber for the pump to which the motor
discharge is connected, a pressure passage con-
nected to the pump delivery and to the motor to

operate the same, a throttle in said passage, a

relief valve located in the supply chamber and

. connected to said pressure passage between the

pump and the throftle to discharge from said
passage into the supply chamber, a spring tend-
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ing to close said valve, a cylinder in substantial .

alignment, with said valve and spring, a piston

in said cylinder having means for applying pres- '

sure to said spring to increase the closing tend-
ency of said valve, a second spring bea,rmg on
said piston in .opposition 'to the pressure thus
applied to the valve and a passage connected
to said cylinder and to said pressure passage be-
tween the throttle and the motor intake for in-
creasing the pressure on the valve spring as the
pressure of the fluid supply to the motor is in-
creased to a point where it moves the piston
in opposition to said second spring.

16. The combination with a hydraulic motor
and a pump for supplying fluid to the same to
operate the motor, of & low pressure fluid supply
chamber for the pump to which the motor dis-
charge is connected, a pressure passage CcOn-
‘nected to the pump delivery and to the motor to’
operate the same, a throttle in said passage, &
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relief valve connected to the supply chamber and .~

connected to said pressure passage betweenh the
pump -and the throttle to discharge from said
passage into the supply chamber, & spring tend-
ing to close said valve, a cylinder in substantial
alignment with said valve and spring, a piston
in said cylinder and a lost motion ‘device con-
necting the piston to the spring for applying
pressure to said spring to increase the closing
tendency of said valve, a second spring bearing
on said piston in opposition to the pressure thus
gpplied to the valve and a passagq connected
{0 said cylinder and to said pressure passage be-
tween the throttle and the motor intake for in-
creasing the pressure on the valve spring as:
the pressure of the fluid supply to the motor
is increased to a point where it moves the piston
in opposition to said second spring, said latter
passage having a bypass and-two oppositely op-
erating flow check means in parallel in said pas-
sage and bypass respectively to limit the opera-
tion of the piston to predetermmed high and low
pressures.

17. The combination with.a hydraulic motor
and a pump for supplying fluid to the same to

[
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chamber for the pump to which the motor dis-
charge is connected, & pressure passage connected
to the pump delivery and to the motor to oper-
ate the same, a throttle in said passage, a rellef
valve ‘located in the supply chamber and con-
nected to said pressure passage between the pump
and the throttle to discharge from said passage
into the supply chamber, a spring tending to close
said valve, a cylinder in substantial alignment
with said valve and spring, & piston in said cylin-
der and means connecting the piston to the spring
for applying pressure to said spring to increase
the closing tendency of said valve, & secoend spring
bearing on said piston in opposition to the pres-

sure thus applied to the valve and a passage con-

nected to said cylinder and to said pressure pas-

sage between the throttle and the motor intake -

for increasing the pressure on the valve spring
as the pressure of the fluid supply to the motor
is increased to a point where it moves the piston
in opposition to said second spring, and means
externally located as to said supply chamber for
adjusting the tension of the 'valve spring, said
means extending through said piston.

18. The combination with- a hydraulic motor
and a fuel feed ram operated by the motor of a
supply of fluid under pressure and a passage con-
necting said supply to the hydraulic motor intake
to supply fluid under pressure thereto to operate
the motor, means in said pressure passage adja-
cent the motor intake for checking and deter-
mining the flow of Aluid under pressure from said
supply to the motor intake, effecting a drop of
pressure in the fluld as fed to the motor when
operating at normal speed, a relief valve connect-
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operate the motor, of a low pressure fluid supply '

ed to said passage hetween the pump and said
check, means tending to close said valve, which is

‘normally balanced by the fluid supply pressure

holding the valve open to release & portion of the
fluid, permitting the motor to operate under nor-
mal loads at & relatively low pressure, means
connected to said motor supply pressure between
said check and the motor intake and operated by
the fluid pressure at that point for increasing the
closing tendency of the relief valve under leads in
excess of the normal load as when excess resist-
ance is encountered to the operation of the ram,
thereby tending to build up the operating pressure
of the hydraulic motor.

19. The combination with a hydrsulic cylinder
of a fuel feeding ram operated thereby, a pump
having a pressure passage connecting the delivery

of the pump to the hydraulic cylinder intake and.

an electric motor driving the pump, of flow re-
tarding pressure reducing means in said passage
between the motor and the pump, & normasally
open relief valve discharging from said passage
between the pump delivery and the pressure re-
ducing means, & hydraullc chamber having a
moving wall member, a passage connecting said
chamber to the pressure passage beyond said
reducing means, resilient means tending to close
said relief valve, said resilient means being con-
nected oppositely to said valve and to said mov-
ing wall member whereby the tendency to close
said valve is increased as the load on the hy-
draulic cylinder and hence the pressure in said
chamber is increased. ’

JAMES F. TURNER.
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